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FOREWORD

The work described in this report was authorized under
Project 1C622401A097, Medical Defense Aspects of Chemical Agents (U).
The experimental data are contained in notebook MN-1721. This work was
started in September 1963 and completed in December 1963.

In conducting the research described in this report, the investi-
gators adhered to the ""Principles of Laboratory Animal Care' as established
by the National Society for Medical Research.
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DIGEST

Mice and rabbits were given varying doses of bivalent botulinum
antitoxin, types A and B, by the intraperitoneal and intravenous routes. The
persistence of passive immunity in these animals was determined by
challenging them with type A toxin at various times. Resulting mortalities
fror either constant or graded doses served as the basis for determining
the extent of passive immunity, which was estimated by utilizing the concept
of the median lethal ratio (LR50); i.e., toxin dose:antitoxin dose administered.
The decrease in the LR50 with time reflected the lowered activity of the anti-
toxin in animals and hence a fall in passive immunrity.

Passive immunity conferred by botulinum antitoxin, type A,
declines steadily in mice and rabbits with time. I the dose of antitoxin is
sufficiently large, however, some passive immunity in mice will persist
for at least 49 days.
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DURATION OF PASSIVE IMMUNITY TO BOTULINUM TOXIN OFFERED
BY ANTITOXIN IN MICE AND RABBITS

I.. INTROILUCTION.

Food poisoning in humans from the ingestion of botulinum toxin is
caused by the slow absorption of the material into the bloodstream via the
gastrointestinal tract. The recommended treatment includes repeated massive
doses of specific antitoxin. The required number of doses and dose levels, as
well as the duration and extent of passive immunity following neutralization of
the toxin in the bloodstream, have not been clearly established. Presumably,
in the treatment of the disease, the antitoxin titer dose is sufficiently largeto
neutralize the absorbed free toxin. The capacity of the antitoxin to inactivate
the residual associated or unabsorbed toxin is in part the basis for repetitive
dosing with antitoxin in the management of the disease. This capacity of the
antitoxin to sustain its neutralization effectiveness after a single and excessive
dose is the bas s of the study reported herein. The experiments were designed
to determine the duration and extent of passive immunity to Clostridium botu-
linum toxin, type A, in animals following administration of a single dose of
antitoxin. Knowledge of this effectiveness should be useful in evaluating the
requir-menis for repeated doses in the time course and treatment of the
disease.

IL. MATERIALS.

A. éﬂimals.

Mice, weighing 25 gm, and rabbits, weighing approximately 2 kg,
were used as the test animals.

B. Agent.

The botulinum toxin, type A, was similar to that described by
Lamanna, McElroy, and Eklund* for a partially purified toxin having a potency
of approximately 3 X 10-4 ug/MU. (MU = mouse intraperitoneal LD50 for
mice weighing 25 gm.) The stock solution was prepared by personnel of the
Basic Toxicology Branch from the powdered material dissolved in a sterile
gelatin-phesphate buffer solution (10 gm Na2HPO4 and 2 gm Difco gelatin in
1 ¢ distilled water); pH was adjusted to 6.8 by the addition of concentrated

* Lamanna, C., McElroy, O. E., and Eklund, 1. W. The Purification and
Crystallization of Clostridium Botulinum Type A Toxin. Science 103,
613-614 (1946).
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HCl. All stock solutionswere bio-assayed in mice for potency before they were
used in these studies. The stock solutions were diluted with saline immediately

prior to use, so that the injected volumes were usually 0.5 ml in the mice and
1 ml in the rabbits.

C. Antitoxin.

Bivalent botulinum antitoxin (equine origin), globulin-modified,
500 units/ml each of types A and B (Lederle), was used for the antitoxin.

III. PROCEDURES. '
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A. Test A. Mice Given 500 MU of Toxin at Various Times Follbwing
Administration of Graded Doses of Antitoxin.

. Doses of antitoxin in saline, ranging from 0. 063 to 200 units of
antitoxin (u), were administered to groups of 9 or 10 mice by the intra-
peritoneal route. At subsequent times (6 min, 24 hr, 7 days, and 14 days),
the animals were challenged with a constant dose of 500 MU of toxin by the
same route. The group size for each time of challenge varied from 40 to
128 mice. Based upon the resulting mortalities, the LR50 was calculated.
In all tests performed, the SD50 was also estimated and ic defined as the
median antitoxin dose that results in 50% survival aiter challenge with the
toxin. These parameters were calculated for both species tested.

[ 20 T T 2

To establish an unequivocally effective antitoxin dose, premix-
tures of the toxin and antitoxin were prepared in solutions with ratios ranging
from 10, 000 to 80, 000 MU:1 u. (The dose of toxin was fixed at 250 or 500 MU,
and the dose of antitoxin ranged from 0.00313 to 0. 025 u as necessary to
yield the desired ratio.) After standing for 10 min, the solutions were

injected intraperitoneally into mice, and the LR50 was estimated from
mortality.

L P R T

3 B. Test B. Rabbits Given 500 MU of Toxin at Various Times
. F ollowing Administration of Graded Doses of Antitoxin.

Similar tests were run on groups of two to four rabbits at 10 min,
24 hr, and 14 days after intravenous administration of antitoxin. For each
time of challenge, the total number oi animals employcd was smaller than in
the mouse experiments. The antitoxin dose ranged from 9.063 to 16.7 u; the
toxin dose was constant at 500 MU/ rabbit, administered intravenously.
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Similarly, the premixture test was run on this species, with
solutions containing the toxin and antitoxin in ratios of 10, 000:1 to 40, 000:1,
to establish an efficacious antitoxin dose. ;

C. Tests C to L. Mice and Rabbits Given Varying Doses of Toxin
Following Administration of Graded Doses of Antitoxin.

These tests differed from the preceding two (A and B) in that the
toxin dose was varied following the administration of graded doses of antitoxin
by either the intraperitoneal or intravenous route. . Mice and rabbits were i
challenged from 7 to 49 days, also by either route. In effect, these tests, along
with the premixture tests, served the useful purpose of range-finding for an
effective antitoxin dose for the time-course study.

W

IV. RESULTS.

A. Test A (Mice) and Test B (Rabbits) at a Constant Dose Level of
Toxin.

Table Al (all tables, Al through A7, are in appendix A) shows the
doses of toxin and antitoxin, their correspording ratios, and the resultant
mortalities in groups of mice challenged with 500 MU of toxin at various times
after antitoxin administration. Table A2 presents similar data for rabbits.
The LR50's are listed in tables A3 and A4 for the mice and rabbits, respec-
tively, and are shown graphically in figure Bl (all figures, Bl through B4,
are in appendix B). Premixtures of toxin and antitoxin injected intraperi-
toneally into mice yielded 50% mortality when the ratio was 35, 700 MU:1 u.
The LR50's for the 6-min and 14-day challenge times were 6, 670:1 and
147:1, respectively. The SD50 was calculated directly from the LR50.

These figures are included in tables A3 and A4. and are plotted in figure B2.

An examination of figure Bl reveals that, by the routes of admin-
istration used, the degree of passive immunity at any particular time is very
similar in mice and rabbits. A mathematical model of the frequency distri-
bution of mortality in mice and rabbits given antituoxin and challenged at
varicus times with 500 MU of toxin is given in figure B3.
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B. Tests C to J (Mice) and Tests K and L. (Rabbits) at Various Doses
of Toxin,

Tables A5 and A6 show the graded doses of toxin and antitoxin,
their corresponding ratios, and subsequent mortalities for mice and rabbits
challenged at various times. The LR50's are listed in table A7 and are
shown graphically in figure B4, The SD50 is also included in table A7.

The results of mouse tests C and D', plotted in figure B4, indicate
that a lower protection level is afforded by a small dose of antitoxin against a
correspondingly small dose of toxin than is afforded by much larger doses of
antitoxin against large doses of toxin. In other words, the l14-day challenge in
mice receiving 500 MU of toxin after 3.40 u of antitoxin (table A3) would result
in an LR50 of 147:1, whereas mice that receive 12.5 MU of toxin after 0.69 u
of antitoxin (table A7) would have an LR50 of 18:1. For mouse tests E, G,
and H, the challenge time was 46 to 49 days after administration cf the anti-
toxin, which was given at median levels of 25, 88, and 75 u for the three
tests. The survival of some mice at LR50's of 7.8:1, 2.4:1, and 2.4:1,
respectively, indicated a very significant protection against toxin at these
times.

V. DISCUSSION.

Two alternative experimental methods were considered for deter-
mizing the change with time in passive immmunity conferred by antitoxin. In
the first method, a constant dose of antitoxin could have been followed at selected
intervals of time with serial doses of toxin to determine which dose would kill
50% of the animals. ‘The amount of toxin required would be 2 measure of the
amount of available antitoxin remaining in the blood at the challenge time. or
the amount of immunity.

The second method would be to follow a wid« range of antitoxin
doses with a constant dose of toxin at various times to determine which anti-
toxin dose was still present in sufficient amount to protect 50% of the animals.
Most of the tests reported here were done by the second method, with the
challenge dose of toxin a constant 500 MU in both mice and rabbits.

The following table is a mathematical model of the change in
passive immunity in mice and rabbits challenged with a constant dose of
500 MU of toxin,
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Passive immurity Time (t) of toxin Ratio of toxin dose

in mice and challenge after 3}2;;:; to antitoxin dose
rabbits antitoxin __ that yields 50% mortality
% of initial value* days u MU:u
100 8 (min) 0.079 6,.335:1
50 1.2 0.158 3,168:1
25 2.4 0.316 1,584:1
10 4,5 0.79 634:1
] 5 6.6 1.58 317:1
. 2.5 14 3.16 158:1
The present authors assume that the binding capacity of toxin to
. antitoxin is constant and that the fal! in passive immunity with time reflects the

fall in the amount of antitoxin in the bloodstream. Relatively high doses of anti-
toxin (SD50 = 3.4 u) yield greater protection at 14 days as measured by the
LR50 (LR50 = 147:1 for a challenge of 500 MU) than dc lower doses of toxin
(SD50 = V.69 u; LR50 = 15,8 for a challenge of 12,5 MU). This indicates that
the degree of passive immunity remaining is dependent not only on the clapsed
time but also on the absolute amount of antitoxin initially injected. In mixtures
(table Al}, half the dose of antitoxin does not protect against half the dose of
toxin as well as twice the dose of antitoxin protects against twice the dose of
toxin. Apparently, larger percentages of large doses of antitoxin persist

longer in the blood. The elapsed time, however, is by far the larger factor.

The results of this work indicate that passive immunity to

4 botulinum toxin can persist in mice and rabbits for a prolonged period of
time. In test D, for example, a dose of 3.3 u of antitoxin offered some pro-
tection to mice (7/10 survived) against 5 MU of toxin given 21 days later.
When the challenge was administered as much as 49 days later (tests G and
H), there were still some survivors. This is a much longer time than passive
immunity against other diseases usually persists. In general, the effectiveness
of the antitoxin in protecting against the toxin steadily declines with time.

. VI. CONCLUSIONS.

Passive immunity conferred by botulinum antitoxin, type A,
declines steadily in mice and rabbits with time. If the dose of antitoxin is

sufficiently large, however, some passive immunity in mice will pervist for
at least 49 days.

* Percent of initial value = 100 (LR50,/ LR50g yin)-
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e
1 TABLES
TABLE Al
TEST A: MORTALITY IN MICE AFTER CHALLENGE WITH 500 MU* OF TOXIN
AT VARIOUS TIMES AFTER ANTITOXIN ADMINISTRATION
3 (Both antitoxin and toxin given intraperitoneally)
s . A Occurrence
% Dozec of Dose of dRaho of toxm. of toxic Mortality Number of deaths
3 antitoxin toxin ose to antitoxin Signs fraction
; dose {fraction) 1st day | 2nd day
‘% u MU MU:u
: A, Antitoxin and Toxin Administered Simultanecusly as a Mixture
0.025 250% 10, 000:1 0/10 o/10 0 0
0. 025 500 20,000:1 0/9 0/9 0 0
0.0125 250% 20, 000:1 3/10 0/10 0 Y
E 0. 020 500 25,000:1 0/8 o/8 0 0
k 0. 0083 250% 39,000:1 10/10 6/10 6 0
0.0166 500 30, 000:1 0/9 9/9 0 0
0.0143 500 35.000:1 0/9 0/9 Y o
z 0. 00625 250% 40, 000:1 10/10 l0/10 10 v
’g 0.00313 250% 80,000:1 10/10 10/10 10 0
z B. Toxin Challenge 6 Min After Antitoxin
é 0.167 500 3,000:1 0/10 0/10 0 0
A 0.125 500 4,000:1 10/10 2/10 2 0
2 0. 100 500 5, 000:1 10/10 2/10 1 1
0.083 500 6, 000:1 10/10 4/10 3 1
z C. Toxin Challenge 24 Hr After Antitoxin
3 0.56 500 900:1 10/10 1/10 1 0
= 0.38 500 1,333:1 10/10 o/10 0 0
i 0.25 500 2,000:1 10/10 1/10 1 0
: 0.17 500 3,000:1 10/10 3/10 2 1
0.125 500 4, 000:1 10/10 6/10 6 0
R 0. 100 500 5,000:1 10/10 /10 5 2
) 0. 063 500 3, 000:1 10/10 7/10 7 0
i D. Toxin Challenge 7 Days After Antitoxin
: 4.17 500 120:1 10/ 10 0/10 0 0
2.50 500 200:1 10/10 4/10 4 0
1.43 500 350:1 10/10 6/10 6 0
1.00 500 500:1 10/10 9/10 9 0
0.25 250% i, 000:1 10/10 10/10 9 1
0. 25 500 2,000:1 10/10 10/10 10 0
0.17 500 3,000:1 10/10 10/10 10 0
E. Toxin Challenge 14 Days After Antitoxin
200 500 2.5:1 0/10 0/10 0 0
100 500 5:1 1/9 1/9 1 0
50 500 10:1 0/10 0/10 0 0
=y 50 500 10:) 9/9 2/9 2 0
et 500 20:1 o/10 o/10 0 0
25 500 20:1 10/10 1/10 1 (¢}
12.5 500 40:1 1/10 0/10 0 0
12.5 500 40:1 10/10 4/10 4 0
6. 25 500 80:1 10/10 2/10 2 0
6.25 500 80:1 3/10 3/10 3 0
3.85 500 130:1 10/10 3/i0 2 1
s 2.50 500 200:1 10/10 8/10 7 1
f 1.56 500 326:1 10/10 8/10 8 0
,,,1 * In several range-finding tests included in this table, the challenge dose of toxin was
250 MU,
14

—— —

‘X‘w_ >

&




R

M .
P L Y

w. b PE YN

h - PR T . . . . . . N , ' : «% I x\iﬁ &. 4« w“ ¥ ;.,.

IS s

*Aep yig uo yjeap saug /3

S
it
- s

‘uixo3 30 NN 000 ‘T sem Isop aBuarrey2 ayy ‘arqe; siy3 uy pPIpnduy 3833 Bujpuyy-sBues e uy /q

‘Aep y3pt uo y3esp sug /T
: 0 ] 0 0 4 0 ¥/¥ v/¥ 1:09% 00§ 60°1
0 ] 0 o 1 2 v/e v/¢ r:0€2 00§ Lz
0 (] ] 0 0 0 ¥/0 ¥/0 1:021 00§ LT
- 0 0 ] 0 1 1 ¥/2 v/2 Tis11 00S SE°P
0 ] ] 0 0 0 ¥/0 ¥/0 1:09 00§ £€°8
0 1 0 ] ] 0 2/ 2N T:0¢ 00§ L91
uIxolljuy I3y sde P oNcoZdzO uixoyl °‘qa
o o o 2 2 0 _¥/y ¥/ 1:000 ‘8 00$ €90 °0
1 0 0 0 1 9 TER Y €/¢ 1:000 ‘¥ 00§ S21°0
0 0 ] 0 0 0 ¥/0 ¥/0 1:000 ‘2 00§ 0s2°0
uixoljuy I3YPY IH $2 oucoﬂaso uixoy ‘9
1 i 0 ] ] 0 e/ 2/e 1:000 ‘s /40001 s21°0
: ] 0 0 0 0 ] l® 2/t 2/t 1:000 ‘9 00§ £80°0
; 0 0 ] ] o 0 2/0 2/0 1:000 ‘¥ 006 §21°0 )
_ meOumuc< IV U 01 gcv.:demo wuxoyl, ‘d
5 _ 0 ] 0 13 1 0 v/v ¥/¥ 1:000 ‘0¥ 00S s210°0
1Y ! 3 o 0 0 0 0 ¥/¢ v/ 1:000 ‘02 00§ §20°0
2 . 0 0 0 0 0 0 ¥/0 ¥/0 1:000 ‘01 00S S0°0
W“. JINIXIN ® SB A[snoduej[nurlg PIIISIUTWPY UIXOJ PUB UIXOJIUY ‘Y
AW an n
Lep Lep Lep Lep Aep Aep {uotrioeay) asop
w9 | ws [ ww | pig | puz | 3sy | uonodes; suSts uixojjjue o3 ssop | U'X03 | uixoiue
SY1eap jJo Iaquuup Anreszow o1x03 jo uixoj jo oljey jo @soq jo escq
I2UIXINDIO0
¥
M (Arsnouaaexjul uaa18 uixoj pue uixojijue yioqg) M
) NOILVYLSININAV NIXOLILNV ¥Z 1AV STAILL SNOIYVA g
I'llll'llllll'llll'l"llllll . \
LV NIXOL 40 NW 00S HLIM TONITIVHD YALIJV SII9EVY NI ALITVIUOWN 9 1STI g,
A a,
# 2V ATdVL <
4
] . N .
2




I -draes S ey
g

0y

P

-

‘u1x03 Yiim aSuafreyd I93je [BALAINS 090G Ul JMS3I [[iM Jey) asop uixojijue ds13doerdydoxd ay3 = g6gs =

(002 - 95°1) . (652 - €8)
00¢s G2l 821 0% ‘¢ LLVy8Y 1 |R¥A 4
UIX0313Uy 293}V sAeq H[ o2JuUo[[eyD uixoy ‘I
(L1'% - L1°0) (ose - €12)
00s - 0S¢ 00°1 0L €8°1 9€€69 ‘¥ 1:€L2
ulX031juy 193]y SAeq L sBus[[eyD UIXO0L ‘d
(960 - €90°0) (81L°'S - S¥0 ‘)
00¢s L1°0 oL 021°0 €6018 °2 COTELL 'Y
UIX0313uy 193}V IH §Z 98u9[[eYD uUixol ‘9
(L91°0 - €80 '0) (002 ‘8L - 899)
00¢ €110 0¥ SL0°0 69€6€ "G 1:0L9°9
UIXONIUY I33IY UL 9 38usireyn wixoy ‘g °
(5200 - £1£00 °0) (002 ‘0% - 008 ‘1¢) -
00S - 002 £€%10°0 S8 ¥10°0 SHLIB 6 1:00L ‘s¢
SINIXIIA © SEB AISNO3uBI[NUUIS PAIIISIUIWPY UIXO ] Pue UIXoNuy °y \
nn n n AN __
(s3tuxiy
uixo3 uixojijue jo eotux 3o uoaxj pajernoyred) 20U3IPLFUOd 02 /6 1)
jJo asoQg ’ : Iaquunp ’ '
9SOp UelpaN #%06dS 0syuT ]
R
(£11eauojraadeajul uaald uixo3 pue uixojljue yzoqg) w,,,
<
SANIL IDONITTTIVHOD SNOI¥VA LV (SINTVA 05UT) IDIN IHIL JO %0S OL m
AIVHLIET IV LVHI JISOd NIXOLILNV OL dSOQ NIXOL 40 SOILVY 'V 1LSJAL W
a ¥
€V J1dVL < -
vgélg%mmw%wml.ﬁ/ VB LIRS TR L AR IR SR P e S L I ] \I.(’ . c»m ﬂ




oS @ et

o

‘u1x03 Yjlm a3uarreyd 13338 [BAlAINS 040G Ul IINSII [[IM Jey] 980p uixojijue dsyyoerdydoad ay3 = 96AS

(s¥2 - ot11)
1:691

(s31uxiy ou)
1:096 ‘2

(ooL ‘01 - oLf ‘€)

1:000 9

(009 ‘z€ - 058 '8)

1:000 ‘L1

(s3rwaly

22UapPIJuUod 02 /61)

0S¥

(91 - 60°1)
00S 92 ‘¥ 4 €0°'¢ 89°1
UIx03uy I93Y sAeq ¥l 28ua([eyn uixor ‘g
(062 °0 - €90 °0)
00¢ 6zZ1°'0 11 691°0 6¢°1
UIX031IUY 19V IH ¥ d8ua([eYD UIXOL ‘D
(s2t1 -0 - €80 °0)
000 ‘1T - 009 621°0 9 €80°0 99 '1
UIX031jUY 1933V UIN 01 oBus([ey) uixoy ‘'d
(s0°0 - s210°0)
00S 620 °0 rA 620°0 09°t
9INIXI\ € S A[SNOAUBI[NUWIG PIIIISIUIWPY UIXO ] pPue ulxojljuy 'y
N n _ n _ , AN
(28uea) (os¥T (s)
uixoj sjlqqes uoijduny
uixojijue jo woly pajeruored)
jJo aso(Qg 250D UBIPI Jo xaquanp adots
. *05ds PIRLYOIT

(Arsnouaaeajul uaald uixoj pue uixojljue yjogd)

SANWIL AONA'TTVHD SNONIVA LV (STIN'TVA 064 T) SLISEVY THIL J0 %0S

Ol TTVHIAT I¥YV LVHI FSOUd NIXOLILNV OL ISOd NIXOL 40 SOILVY € ISHL

YV 3T1dVL

17

Appendix A

-,




| . .
“4
§
‘ENOUDAVIUY = AT
y ‘reauvoljradexuy = dp
, 0 0 1/0 t/o 1:#9*0 AL 08 Al s21
A 0 0 t/0 1/0 1:2¢€°0 Al 08 Al 0s2 Lt r
;I 1 s 9/9 9/9 1:82 dj 9b¢ Al §°21
o _ 2 £ 9/s - bt dp 9b¢ AT s2
! 0 1 £/t - 1:18°2 d 144 Al szt
| , 0 £ s/¢ - vt dr 9be Al 02 6% - 9% H
' 0 v o1/% - Lt d 98 Al 0s
0 0 z/0 - 10 dr 98 Al 21 oF - 9% 0
0 0 ot/o ot/¢ 1:08 dr 00§ Al T
0 0 ot/o ot/o 18111 d 00$ Al g2t
0 0 ot/o et/o 1:02 dr 00§ Al 62
0 0 ot/o ot/o 1:01 dr 005 unAl 0§ vt g
, 0 Z 9/2 - v dr 98 dr s2 9t <
1 L ot/8 ot/ot Tig €l d 2°1t dr £8°0
2 12 ot/9 ot/ot 1i6'¥ dr sL dp L9°1
1 2 ot/ 01/9 161 dj 0°s dr £€°€ 12 a ©
4 9 ot/s ot/ot tiob d 0S dr TN
0 € 6/¢ 6/6 1:02 dr 52 dr §2°1
0 0 ot/o ot/e 1:02 d §'21 dr $29 '0
: 1 v ot/s 01/9 1:01 d 21 dy s2°1
’ (] F4 or/z ot/o1 t:ot dp G 21 dr 6Z°1
: 1 9 or/L 01/8 1 &1 dr g 21 dr 0§ ‘2
t 0 ot/t ot/ot 1s dr 62°9 ndl TR 13 o)
”,x naN NN n .>a~u
:ww . A»p puz Aep 181 {uotrioeay) 80P uixoy uixoijue
Nw\n comuoﬂuu ucumw =jue 03 ANox uixoy 202 uixojue a9y
4 syjeap Arelzopw o1X013 JO Isop uixo} uxor, jo asoq uixo3juy Jo aso( a8uaqreyy L
Jo aquunp IdUIXINDD0 Jo onvy ujxoy jJo swy
<
1 NOILVYISININAV NIXOLIINY ¥EILJAV SANWIL SNOINVA X
a4 LV NIXOL HLIM IONITIVHD HALJIV ALITTVIEOW ‘IDIN NI SISAL ONIANII-ADONVE .m
SV ITAVL m..
<
- .w... ..M\.glr o - L A A A YRR U R AR e M N ..~ L4 .aa:, “2
. T | [ (e




o ——

i

DL, e, -

. R ﬁ e T
/ |
¢ L . — o] — ol
- ‘ “ e L oA .bk&l...a«.h.ﬂ#l«.‘«uﬂiﬁwﬁgﬁi%ginﬁ S \ ser AR AR g tmﬂn
H < ERL I « O R N Frraey SNAT B W gty
*SNOMIANIN] = Al nn
stesuoijaodesiuy s d; »
0 0 L [ I t 0 2/ 2/e 1:002 ‘1 Al ozt Al ot'o
0 0 0 0 0 0 2/0 2R 1009 Al oot AL Lo
t 0 0 o 0 0 N 2/t tioo¢ Al os! AL 0§°0 L 1
0 (] 0 t 2 1 ¥/t +/t 1:09¢ Al 00§ dr 60t
0 0 0 0 ¥ 0 +/t v/ 1:0€2 Al 00$ d Lz
o 0 0 Y o ¥ B/ +/t tistt Al 00§ wd] SE°t vy b
ninw nw n shup o
—
Avp | Aep | Aep | Aewp | Aep | Avp {uopidvay) 350p U0y uxo3jue
®19 Haig Uiy pag puz iy uojivuay sufs =jue 03 9ol ujxol 2M0a upNoI N Jayye woy
Atnaso 51X01 30 180D UiX0y uixo y, 30 d80Q] uxoy iy jo aroq aBuayivyd
S$HIMIP jo 12qUAN 25UaIANDOO jo opny ujxo3 jo ownp
NOILLVY.LSININGY NIXOLILNY H31dV SINIL SOOIYVA LV
NIXOJ HLIM JONTTTVHD ¥ALAV ALITVIYON SLIgGVY NI SISTL ONIONIA-ADNVY
9v¥ J1dVL
<
ks
g~
£
a,
<




*u1%03 Yapm DBUDLIVYD 2D3JW [LAJAINS 650G U} JINBIL THIM JEY) d¥Op ujxoljue dy3oerdydoxd ayy = ogas /¢

*SNOUdAVIW} = AT /D

‘resuojjaaduauy = df /q

(ost - oot) {050 = 01 °0) (¥31uy7 ou)
At ozt Al L1'0 9 002°0 - 1:009 L 1
(sg'% = 60'1) (#ayuryq ou)
Al 00§ dp IA QT 21 £'4< - ust +1 i
CRYCTI YR
{os2 - s21) , (#3137 ou)
Al o8 ¢ 881 rd s> - 1:49 '0< Ly r
(osz - s'21) (€'s = 1°1)
dy 98¢ At St Ve -3 3 3 16986 1 Tk 2 6% - 9% H
(g2t - 0§) fe's-1'1)
dt 98 At 88 2! 8's¢ 1698 ' 1§12 6% - 9¢ D
- {os - s2'9) (s ou)
di 00§ TERY 881 o4 LT D - 1:08< 1 K|
{333u1y] ou) ..w
di 9% dt 11 9 o'ttt - 1:8°L Y 9% 1
{(2'tt -0'S) (e '€ - €8'0) {86 ~1°1}
di ) dp L9t o€ L2 PRLEY 1 rig'e 12 a
(0§ - s2°9) - (os ‘2 - s29'0) (1€ = 1)
d1 g2t /adr T 69 69°0 168t 1:8t 1 3 o
DN 'V
N n n AW vhep
Suwes) (s8uea) uejpows . o
98uwas) uejpawz
sinod . aso( “noy avoq svwue {osun (q) (snunyy :_kuwﬂcc
1 Jo XoquInN woalj pavInOtYd) adors 2duIPIUod 02 /61) oBuorreyd 180y
uxol, uixojuy \l 0sas ssiig oSy ujxoy Jo swtyy
SANIL ADNATTVHD <
SNOIYVA LV (SINTVA 0SHT) STYWINY THL JO %0§ OL IVHLIAT IUV LYHIL ds0d X
NIXOLILINV OX JSOd NIXOL J0 SOILVY SLIGHVY ANV IOIN NI SIsAL ONIANII-ADNVYH o
e
LV A4V, g
a.
<
e SRR TR TN YA AL U ORIt AN, RIGa s BOVIIRTS 30 A% T 5 s I B0 L0 2 e .“1 " ..494«4&5?«%%
A . K w




13

T er A
L.

APPENDIX B

FIGURES
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FIGURE Bl

MEDIAN LETHAL RATIOS (LR50'S) OF TOXIN TO ANTITOXIN AT VARIOUS
TIMES AFTER ANTITOXIN ADMINISTRATION

(Challenge dose of toxin is equal to 500 MU per animal)
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FIGURE B3

FREQUENCY DISTRIBUTICN OF MORTALITY IN MICE AND RABBITS
GIVEN ANTITOXIN AND CHHALLENGED AT VARIOUS TIMES WITH
500 »TJ OF TOXIN

(Average of intraperitoneal mouse and intravenous rabbit data, using a

median slope function of 1. 66 for dose-mortality curves)
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